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Abstract.  The importmce o f  deco~posers i n  eco- 
systems has n o t  been general ly  appreciated.  The 
approach used t o  model the  decomposition ac t iv -  
i t y  of Mud Lake Bog is t o  e n t e r  it as t r a n s f e r  
c o e f f i c i e n t s  of  t h e  compartments being decomposed. 
The s t r u c t u r e  of t he  deconposer submodel is an- 
alyzed and zonation, as the  separa t ion  of t h e  
chemical reac t ions  in decomposition, is discussed. 
The model is y e t  uncomplete because of  a lack  
of  time and mate r ia l s  t o  complete t h e  experimen- 
t a t i o n ,  bu t  those  experiments performed a r e  d is-  
cussed. The decomposer submodel compartments a r e  
l i s t e d  w i t h  flow r a t e s ,  and the  e n t i r e  model is 
diagrammed. 
The decomposer compartment can be def ined  as t h e  
p a r t  of an ecosystem t h a t  accomplishes the  breakdown of 
of dead organic.  m a t e r i a l &  into i t s  component p a r t s  r e l e a s i n g  
dissolved i n o r g a n i c  and organic  substances,  and smal l e r  
organic p a r t i c l e s .  I n  some cases  an imals  t h a t  consume 
d e t r i t u s  can be  func t io lha l ly  considered t o  be decomposers. 
I n  t h i s  system, however, we have l i m i t e d  our c o n s i d e r a t i  on 
. . - .  
t o  those organisms ( b a c t e r i a  and f u n g i )  t h a t  c a r r y  o u t  t h e  
decomposition p r i m a r i l y  e x t e r n a l l y  and which, i n  f a c t ,  
- 
accomplish most . of t h e  breakdown of dead o rgan ic  m a t e r i a l s  
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most important organisms i n  the  breskdown of large materials 
because t h e y  possess  hyphae t h a t  can p e n e t r a t e  zhe large 
pieces of p l a n t  and animal  m a t t e r  and a r e  n o t  r e s t r i c t e d  
t o  sur faces  as are b a c t e r i a .  The f u n g i  (and b a c t e r i a )  ab- 
V k l t i j '  uLu scr5 n u t - i e n t s  ELS s o l u b l e  material, T h e r e f  C T ~ ,  '-"+ - 
by s e c r e t i n g  subs tances  I n t o  the:r environment that cause 
the s o l u t i o n  of o r g a n i c  molecules.  Although much of t h e  
yr. t c - l a l  t h u s  broken down is  absorbed d i r e c t l y  by t h e  
r.:croor-anlsms, some i s  a l s o  r e l e a s e d  i n t o  the  sur rounding 
environment and i s  the reby  a v a i l a b l e  t o  o t h e r  organisms. 
S 
i+icroorganlsrns a l s o  make n u t r i e n t s  a v a i l a b l e  as a r e s u l t  
of s p e c i s l i z e d  blochemlcal pathways. They can accomplish 
reduct ion  o r  o x i d a t i o n  of compounds (e.g. N2 t o  NK 3 and 
S2 t o  H2S) u s l n g  r e a c t i o n s  t h a t  a r e  unavai lab le  t o  h l g h d r  
organisms because they  l a c k  t h e  proper  enzyme systems o r  
a r e  unable t o  surv ive  t h e  anaerobic and/or reducing condi-  I 
h o n s  necessary  f o r  some of the  r e a c t i o n s .  These cha rac te r i sCiS8 ,  
the  a b l l i t y  t o  break down o r g a n i c  s t r u c t u r e s  and i n  .the' I 
process r e l e a s e  so lub le  n u t r i e n t s ,  the product ion  of c e r t a i n  
- -. 
compounds t h a t  a r e  e s s e n t i a l  f o r  p l a n t  growth b u t  g e n e r a l l y  
1 
unavai lable  t o  p l a n t s  from o t h e r  sources,  and the a b i l i t y  
- .  -- -  --- 
t o  l l v e  and c a r r y  on energy-using a c t i v i t i e s  i n  environments- 
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e x t e n t  the importance of decomposer organisms i n  the  ecosystem. _ i 
There are two g e n e r a l  approaches a v a i l a b l e  f o r  s t u d y i n g  
decornposltion, 7ne f i r s t  oi" Shsse IS t o  c h s r a c t e r i z e  tk 
f l o r a  and t o  measure biological a c t i v i t y .  The second i s  
t o  s t u d y  t h e  p ~ ~ f l u c t s  of decoxposl t ion.  The former method 
has d i f f k c u l t i e s  t h a t  ~ake good q u a n t i f i c a t i o n  n e a r l y  
mhp - c . r r i ; : ?  -.r TmnossZbLe. , L.- .,...-- f o- isolating m d enumsrat ing 
871 m i ~ r c ~ r r ~ n i ~ r n ~  a re  generally u n r e l i a b l e ,  D i r e c t  counts  
-Lend; t o  be too  h i g h  because d e a d  orgznisxs 2nd d g b r i s  
27s o r t e n  i nc luced  in the cojnt .  F u r i ; h e y ~ ~ ~ : - a ,  tbc;: z?m?nt 
21s  t L ? ~ d i s h  5et:;een d i f f e r e n t  tgpas of or;enlams excep t  On 
the b a s i s  of pass & r p h o l o g i c a l  and staining d i f f e ~ e n c e s  
:,lh LC!; r~l-e of 11 t t l e  i n f o r m a t i o n a l  value.  P l a t i n g  of rnicpo- 
o ~ r a n i s m s  tends t o  g ive  low counts  because t h e  media almost 
inva r  l a b l y  s e l e c t s  a g a i n s  t c e r t a l n  o r g a n i s r , ~  . T h i s  problem 
9 
i s  e s p e c i a l l y  d i f f i c u l t  i n  t h e  case  of anaerobic  organisms, 
because they r e q u i r e  s p e c i a l  p l a t l n g  techniques.  P l a t i n g  
may be s u i t a h l e  f o r  a n a l y s i s  of i s o l a t e d  l a b o r a t o r y  p r e p a r a t i o n s  
and f o r  f i n d i n g  i n d i v i d u a l  groups of organisms, b u t  L t  .. 
i s  no t  very  u s e f u l  for d e s c r i b i n g  a n  e n t i r e  microbial association 
and it  gives no informat ion  on a c t i v i t y  o the r  than  t h e  1 
r e l a t i v e  concent ra t ions  of c e r t a i n  organisas .  I 
Measurement of biological a c t i v i t y  by s t u d y i n g .  the  I 
I 
t h e  r e a c t i o n s  of c e r t a i n  groups of microorganisms i n  the  
-- - - _  __ - - .  
l abora to ry  can give some I n d i c a t i o n  of t h e  r e a c t i o n s  oc- 
c u r r i n g  i n  the f i e l d .  U n f o r t u n a t e l y  -. only t h e  p o t e n t i a l  
- --- - - .  > -  - -- - 
r a t e s  of a c t i v i t y  under s p e c i f t e d  cond i t ions  can be measured 
' ,  - -  - - -  .; - 1 3 '. - 
which may have l i t t l e  r e l a t l o n s h i p  t o  t h e  f i e l d  reality. 
- - - -. . 4 - tam-7-  , - 1 7  - T i i .  1 7 .  
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Because the f u n c t f o n  of decomposer organisms i s  b r e a k i n g  
- 
Gown o r ~ a n f c  s t r u c t ~ r e s  s o  t h a t  both the organic  and Inor- 
ganic n u t r i e n t s  can be r e c y c l e d ,  t h e  a c t i v i t y  of  microor- 
canisms can be i n d i r e c t l y  measured by measuring the r a t e  
of production of t h e s e  end products ,  T h i s  approach has 
seve ra l  z d v z n t a ~ e s :  I/ it d e a l s  w i t h  t h e  problem of relating 
. 
n F e r o S L s ~  zctivFty t o  t h e  r e s t  of the  system ( e . ~ .  for 
s t o e y l n c  t h e  a v e l l e b i l l t y  of n u t r l e n t s )  2/ it o b v i a t e s  t h e  / 
need for d e e l i z g  directly w i t h  microbial popula t ions  and 
211 t he  d i r ' f  l c u l t y  a t t e n d a n t  upon measuring r a t e s  of acti- 
v i t y  or mic rob ia l  numbers,j/ techniques f o r  measuring 
many of these  parameters  a r e  r e a d i l y  a v a i l a b l e  Q/ t h e  
9 
r e s u l t s  apply d i r e c t l y  t o  t h e  f i e l d  s i t u a t i o n  being considered 
and need not  be e x t r a p o l a t e d  from l a b o r a t o r y  experiments. 
The  fo rego ing  c o n s i d e r a t i o n s  l e d  us t o  choose the 
approach of c h a r a c t e r i z i n g  the  breakdown products  of decom- 
pos i  tLon f o r  the  Mud Lake Bog model. 
R e l a t i v e l y  l i t t l e  l i t e r a t u r e  was found t h a t  d e a l t  
d i r e c t l y  w i t h  tile r a t e s  of decompositilon o r - w i t h  the  sub- 
i 
s t ances  r e l eased  by decomposition i n  p e a t  bogs. The most 
b. 
f r u i t f u l  d i r e c t  information was der ived  from an  a r t i c l e  
- .  - - - - -  -. - >  ... - - 2 - 3 .  2 7 ,  A--. :&> L - . 2  .;: --; - 2 - .- - .  . 
by ~ 1 3 m o ( l S 6 5 )  i n  which he d e s c r i b e s  experiments i n  which 
- ,  - - 
L t 
he introduced samples of p e a t  and p l a n t  m a t e r i a l  i n  mesh I 
t I - - I 
l i t t e r  bares i n t o  va r ious  l a y e r s  of p e a t ,  A f t e r  one year 
h e  measured t h e  l o s s  of organic  m a t e r i a l  from the  bags. 
r e l a t i v e  
He found r a t e s  of 13:9:2 percen t  decomposition per  ycar  
at 0;; 10, 6-8, and 75 cm below the s u r f a c e  of the moss. 
T- -  _ ; ~ : s e  c o r r e s p o n d  t o  an a e r o b i c  zone, a zone of f l u c t u a t i n g  
oxygen l e v e l s ,  and a permanently anae rob ic  zone. Be a l s o  
f ~ u n d  h i g h e r  r a t e s  of d e c o ~ i p o ~ l  t i o n  Ln the mcss capltul2 
+ L- r? rn  . t h e  pa r t s  b e h i n d  the  c a p i t u l a .  
llaksman(1932) analgsed  d i f f e r e n t  l a g e r s  of' s e v e r a l  
s p b a ~ n u m  p e a t s  and found Inc reases  In : pH, e t i ier  and abcc- 
- - 
h o l  s o l l ~ b l e  f r a c t i o n s  and l ig?i l ls  w L t h  Eepth. 3emicellr;- 
e 
l o s e s  and c e l l u l o s e s  decreased w l t h  depth and p r o t e i n s  r e -  
r:r.L>-,d a ~ ~ ? r o r i r c a t e l y  s t a b l e  (% dry  w t . ) .  
I n  genera l  f i b e r  s i z e  a l s o  decreases  w i t h  depth(Boe1ter  
1969) i n d i c a t i n g  t h a t  the l a r g e  organic  s t r u c t u r e s  have 
been br8ken down t o  smal l e r  particles i n  o lde r  pea t .  
Overall I t  appears  t h a t  decomposition i n  bogs occurs  
a s  follows: 
1/ I n  the a e r o b i c  zone breakdown of l a r g e  organic  
s t r ~ l c  t u r e s  beg ins .  Water so lub le  o rgan ics  and n u t r i e n t s  
a re  r e i eased  and made a v a i l a b l e  t o  p l a n t s .  The organisms 
respons ib le  f o r  t h i s  a r e  probably fungi of many types and 
he tero t rophic  b a c t e r i a .  The numbers and types  of organisms 
a r e  probably g r e a t e s t  i n  t h i s  zone(Waksman, 1932). 
2/ As the  p e a t  becomes covered w i t h  new growth t h e  
r e s u l t i n g  decrease  i n  oxygen leads t o  a  decrease In  numbers 
and types of organisms present .  The r a t e  of decomposi-tie.-_, i z A -  .> 
I r . -  7 
-, .- - -- 
~ -. 
begins t o  slow down. Coppact,ion. begins and f ibep s i z e  is 
- - - - -..-LA ._:i .-.:- - -. c- .- . ,' ., , - -  ... , : ., : :-,- .. . - .  
, -  - . . .  . , - . r ,  ,- -. ,..- . -. --La; :..A - G a : > L L ' "  :... : :.;;: 
f u r t h e r  reduced. - . . .. . - -. - 
3/ M i t h  an i n c r e a s e  of pea t  cover ,  a ~ a e r o b i c  c o n d i t i o n s  
becope permanent. The  numbers and types  of o r ~ s n l s m s  decreases  
a s  w e l l  a s  t h e  r a t e  of decompcsition. The a c c m u l a t i o n  of 
toxic  compounds a l s o  restricts a c t i v i t y  of a l l  b u t  excep- 
t i o n a l l ; ;  toie-- I ,nt oi-gznlsrns . 
I t  i s  Ln t h e  l a s t  two z o m s  t h a t  the  r a t e  of acccmu- 
l a t i o n  exceeds t h e  r a t e  of breakciown s o  t h h t  s s d l a e n t s  
-- . . . b a i l a  up.  l n e  oi-gsnisi-fi $pl.~;.cnt z7.z ~ - . ~ ~ t r : ~ c t ~ ~  'c ~',3'-;?-1" 
r?icro'i.es t h a t  can funct ion i n  these condi t lons.  
Some of the principle organisms found i n  anaerobic 
environments and the reac t ions  they a re  responsible f'or are:  
t 
1/ Sulfur reducing bac te r i a  
2/ Deni t r i f  ying bac te r i a  
3/ Nl trogen f i x i n g  bac t e r  La 
4/ Me thanogenic back ia  
-. - ;1 Not a l l  of these bacter la  a re  necessar i ly  present-  i n  bog------'..:;' - ,' . 
. . - .  - -7 , . i i - - 
sys terns, b u t  they represent-rthe p r inc ip le  ' categories . - , 
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oped. What  was need2d wes z c l s z - c u t  object:-$3, nuch s l a ~ l i f : c a s i o z ,  
and mounds of da ta .  Tht: object;:ve er;srzed: - 2 S U C : ~ ~ ~ ~ _ ~ E ~ ~  c l o d e l  w c i c h  
would show a l l  of t h e  zoneE passZno  by 3.n o rde r .  The s ' , ~ l i l i _ c a t i c z  
was minimal- some lumplng, sone e l i m i n a t i o n  of compartments. The 
looked up some and made up t h e  r e s t .  But t h e  mndel s t r u c t u r e  i s  bas ic -  
a l l y  sound, and t h e  numbers can be updated, 
Table 1 shows t h e  flows i n t o  t h e  f o u r  compartments A B D O M ,  ANDOM, 
POM, and PH i n  a l l  four  zones, a s  wel l  a s  t h e i r  f lows out of  t h e  sys- 
tem. Table 2 inc ludes  t h e i r  s tanding  q u a n t i t f e s  as well  a s  experimen- 
t a l  da ta .  The values a r e  of rour  types: experimental ly  determined, 
- - 
deduct ively determined from exps r ixen ta l  da ta ,  adapted from t h e  li_ t e r -  
a>ure ,  and a r b i t r a r y .  I n  pensral, d the strnding q u a n t i t i e s  a r s  based 
on exper lnen ta l  i 'lndings, some o f  the  flows a re  l i t e r a t u r e  va lues ,  
- . -  - - - - - -  - - 
and t h e  r e s t  are a r b i t r a r y .  Tbsse sources a r e  given f o r  each value 
i n  Table 1. 
- 
-7 axper izent  s of the daconposer s u b ~ r o u p  i ficluded the  r;a?pir,z of p::
-- - 
P ? ;Gluss ,  loca tSon o r  t h e  top of ";t;e z:lz.sYobic p e a t  zone, ~ ~ ~ s o l ~ r e d  c;;-;- 
solv2d orgenic  n a t t a r ) ,  and ?0?~: ( ~ ~ ~ ~ i c u i a t e  orge12ic z a t t s r ) ,  and 
zsssss inp  t h e  qua?tPki_es of celn,:cn and n2nres;um. j r ? _  t:efe? s r r : - l r_ .c .  - 
f - : - ~ ,  ~ ~ o r J u c e d  by r e s p i r a z i o r  of a ~ a a r o 5 i c  su1Tz.l;~-resacing Se=zer.l a, 
L 
was mostly consumed b j ~  aarobic  bacze r t z  ac t h e  i n t e r f a c e  o r  helo i c  
bubbles and s o l u t i o n  f n  the anasrobic  zone; E2S i s  not  very x z t s r -  
soluble .  I n  add i t ion ,  H2S i s  chemically a c t i v e  and can be de tec ted  
e ~ s i l ~ .  15s~s_"one, we e z p a c z 3 5  co Eee ;he ~ I ' f s e ~ s  of E,-S 2t c c s  b s -  
L 
glnnSng of the  anaerobic  zone. The f i r s t  experiment invloved e x t r z c t -  
Snc - water samples from d f f f e r e n t  dspths i n  t h e  m ~ t  and adding con- 
cent ra ted  Gus04 s o l u t i o n ;  a black p r e c i p i t a t e  should have r e s u l t e d  
f o r  concentrat ions a s  low as  1 p a r t  pe r  mi l l ion ;  none did.  Th i s  
f i n d i n g  was con t ra ry  t o  observat ion ,  s ince  t h e  p e a t  when f r e s h l y  dug, 
smells of H S a t  a s  shallow a depth as  20 em. T h e  second t e s t  was the  
2 
Each k i t  nethoa?: a  g i e c e  of Pb(C H 0 ) soaked f : l u e r  >2per t r e z t e d  2 3 2 2  
~ 5 t h  the  water sample bubbled w i t h  Allre-Seltzer. i;o p o s f t i v e  r e s u l t s  
r e su l t ed  from t h i s  test.:_T_he t h i r d  t e s t  was- s i m i l a r :  a  meter s t i c k  
. - 
w i t h  a  P ~ ( C ~ H ~ O ~ ) ~  -soaked f i l t e r  paper s t r i p ,  50-m long,was i n s e r t e d  _ _  
Snto the  mat and allowed t o  s t a y  overnfght.  No d i sco lo ra tdon  appeared. 
Thc rou-tn nstbod w e s  t h e  only successfu l  a:e, z-2 i?. t:es 2 cc2psr 
- -  - wipe  stucl.1 5.1: m s t  r month before 'It EZS -:' - -  y u L A ' G  .i ci.2-$ ; fL2 - - 2 -  L.' C bL, 
s u l l t d e  zpsaared 1 9  crn below t h e  mat supface,  w l S h  ';?is eerobI c, zone 
shown as 2 E C O U T ~ ~ - C ~ B E ~ ; ~  s ec t son  of wire. f ~ . c v ~ r ~  2 5  2p32penlly 
anaepoS!c sznples  bscone aera ted  by t h e  e r o c e s s  of z x ~ ~ a c t i o n .  The 
- - x c r s  s u i t z ' r i e ,  2nd zte ,, Is use5  5n t h s  m 0 ( ? 2 i  represen5 t h e  airsraze 
oxyggn c o ~ c e ~ t r a t i o r i  !.a rrarr,s - p e r  squzre rnster f o r  the  enzerob?c zonss. 
Bulk densf tg of p e a t  was determined by takrng severa l  co r lngs  . b 
* a  of kaown volunes of pezt  from t h e  mat sur face ,  squeezing out  t h e  water ,  
and success ive ly  f i l k e r l l l p  t h e  water t o  a  f i l t e r  pore s?ze  o f  .$5 
n lc rons ,  dar%nec lia: t o f  d isso lved  t o  p a r t i c u l a t e  organic  matter .  
'1 
t 
T h e  d r y  w e ~ g h t s  of t h e  p e a t  samples were averaged toge the r  t o  p e t  
f t he  s tanding q u a ~ t i t y  of p e a t  used i n  t h e  model; the two r e p i t i b 2 o n s  
were -rery close.  Sphagnum on t h e  s u r f a c e  of t h e  mat was s u b t r a c t e d  i n  
. i t h e  model. T h e  f i l t e r e d  water  was d r i ed ,  then  ashed at 425'~ t o  g ive  
t h e  Dissolved Organic Mat te r  content  and t h e  non-ashed t o t a l  n u t r i e n t  
content .  The r e s u l t s  o f  t h e s e  two experimerits a r e  givan-in._Table:2.  
> 3 
t Calcium and aegnesiurn v a l u s s  were determined u s l n g  Each k 5 t  meth- 
- 
ods Tn the l abora to ry  on water  szmples prevTously c o l l e c t e d  a n d  s t o r e d - -  - 
;n a  r e f r i g e r a t o r .  TCtra t ions  were accura te  wi th in  Tive pa r t s - -pe r  m i l l -  
- - 
I 
- -= _ - 
J I i o n  by weCght. The model va lues  a r e  a weighted averege, us$@ - t h e  .--- A 
. L q u a n t i t f e s  found i n  each zor,e. and the s i z e  of tha; ;  zoze.  
-- .- 
I 
The flows whT.ch Rere z03 oyr s ~ i n 5 2 ~ z . l l y  d z t e r ~ t r s t  r r z  dzc~mznbed 
I Sn Table  1. Water flax %k-r,art7 - 
I .I 7 ,  :. :ns c c r  : - ? ~ . c  zss5-ysc ; c  car:-;- so l ; j16  - 
met te r  w S t h  Zt f r o m  t h e  s;;s-Lsr, end s s r i c e  t h c  ? a ? ' ~ Y ~ l l  i lput  wzs 
I 
known ( 7 7 ~ n / ~ r )  many flow pates were der ive i i  usinq s'z31e e q n i l 2 b -  - 
- .  L ,.? -:-L - 
, A -  ,: . - - -  c 7 2 r, n)? - , - -  Z 1: 1 = 7.- ---:;: ---)  cr - - -  .- - - - . - - .  :..-v L - L > - z s s  ' ' - - - -  - ,,>i c < : . 2 5 2 3 G  ;? Z&E:--:s 
d 





a dash{-- - ) arid %ere is p=.ok3513 a flow but m &re e o d d  
bp the b5ow.o~ of %he donor eoqxrAkmt.a A U .  fluxes are in g~-~pp-'. 
The ma-38 to ?5zach "he flo7jrs epply u-e lis-?a3 as (L=Xalr:s, T =&sczlzs"a&on, 
from ZWPL (L?T) (ses P for ~imctions) 
,- - 
12.0~ D E X T  (S~F) 
T ~ G  % g 5s from R a w  & &a@ (1 99) : O.DS$; and the deeomposbtion 
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